To analyze the unit performance degradation for top heater out-of-service operation condition, two calculation methods were introduced, that was the model based calculation method and the simplified variable operation condition analysis method. A 600MW sub-critical steam turbine unit with air cooled condenser was analyzed using the two introduced methods. It is shown that calculation data got can reflect the redistribution effect on steam flows of the turbine extractions and turbine internals due to the top heater out-of-service, and similar and close calculation results were got from the two methods, and both results were lower than result calculated using the commonly used equivalent enthalpy drop method.
Introduction
Presently the Equivalent Enthalpy Drop Method is commonly used in the performance quantitative analysis of the steam turbine units. For the top heater out-of-service operation condition for the steam turbine unit, the quantitative analysis equation in [1] is widely used to determine the effect on unit performance.
In Ref [2] , the impact of top heater out-of-service condition was analyzed under the consumption that the top heater out-of-service operation was a small disturbance to the normal operation conditions. In Ref [3] , the impact of top heater out-of-service condition was calculated by the Variable Operation Condition Analysis Method and Matrix Method (based on the small disturbance consumption), and it was concluded that there was minor difference between the two calculated results.
Theoretically, the Equivalent Enthalpy Drop Method is based on the certain assumption, that is the parameters of the live steam, reheat steam, the turbine end, and the extractions are kept constant, or the change of the turbine expansion line is not considered. The mentioned assumption is the precondition for establishing the concept and equations of the Equivalent Enthalpy Drop Analysis Method.
Under practical operation conditions, when the top heater is out-of-service, there is a dramatic change of the unit operation condition and turbine internal flow and parameters. Thus, the Equivalent Enthalpy Drop Method is not very applicable for analysis of this operation condition change.
Two Calculation Methods for Analyzing the Impact of Top Heater Out-of-Service Condition
To analyze the unit performance degradation for top heater out-of-service operation condition, two calculation methods are introduced, that is the Model-based Calculation Method and the Simplified Variable Operation Condition Analysis Method.
The Model-based Calculation Method for Thermal System
During normal operation, the operation parameters and the equipment performance are inter-related and coupled. The model-based calculation method can reflect the coupling relationship between the equipment performance and the operation conditions, thus provide a clear picture of the influence between the equipment and boundary conditions, especially for operation conditions with large scale change of operation parameters, equipment performance and operation loading. Model-based calculation software such as GateCycle, can provide analysis for all various changes of the operation parameters and equipment performance degradation. This method can consider the change factors and its related effect on the thermal system, thus providing an complete variable Operation Condition Analysis for the system.
Advantages of the Model-based Calculation Method. Some advantages of using the model based analysis or calculation method are listed below: a) Interaction of varying operating conditions can be modeled: Models can allow wide variations in operation parameters from the rated conditions. b) Model-based calculation can compute impacts of parameters for which no curves are available. c) Model-based calculation can handle various equipment and thermal systems, such as fossil-fired generation unit, combined cycle generation unit, cogeneration unit, and advanced gas turbine generation unit. d) Model-based calculation can share information between different operation conditions, such as design and off-design conditions.
The typical process of model-based performance analysis includes the following steps: a) Model building: Build a model of the equipment or system being monitored. b) Model testing: Test the model versus manufacture guarantee data or measured data over a wide range of operation conditions. Correct the model where necessary. c) Data input: Input the measured equipment operation conditions into the model. d) Run the model: obtain the expected equipment or system performance model output. e) Evaluate degradation: comparing the expected performance from the model calculation to the measured performance.
Simplified Variable Operation Condition Analysis Method for Thermal System
The Simplified Variable Operation Condition Analysis Method handles the steam turbine into stage groups based on turbine extractions. The turbine extraction parameters under variable operation condition can be determined if the steam turbine expansion process is determined. Thus the thermal performance of the system can be calculated. First, based on the operation data of the baseline operation condition, the flow coefficient for turbine extractions can be calculated as:
where, C is the flow coefficient; is the steam flow upstream of the turbine extractions; p is the pressure upstream of the turbine extractions; v is the steam specific volume upstream of the turbine extractions. If the extraction temperature change is relatively minor during the operation condition change, the flow coefficient can be simplified as the ratio of the steam flow to the pressure. w Secondly, the extraction parameters under variable operation condition can be calculated based on the assumed turbine expansion line (related to turbine efficiency), the changed steam flow, and the determined flow coefficient of the extractions. The thermal performance of the system can be calculated.
Based on the new steam flow distribution data, the turbine extraction parameters can be corrected until the bias between the two iterations is within a set limit.
Finally, based on the exhaust steam flow result from the previous step, and the exhaust loss curve provided by the manufacture, the exhaust loss of the turbine last stage and the turbine used energy of end point (h UEEP ) can be calculated, and the unit power output can be determined by energy balance calculation.
The above mentioned calculation process is similar to the correction process of the calculation example included in the Appendix of the ASME PTC 6 standard. The steam turbine expansion line can be determined based on the baseline operation data. The turbine casing efficiency under variable operation condition is set the same as the baseline operation condition.
Calculation Example of Analyzing the Impact of Top Heater Out-of-Service Condition
For one example generation unit, the 660MW steam turbine is a sub-critical, single-shaft, four-casing four-exhaust condensing steam turbine with air-cooled condensers. Steam turbine is designed with seven extractions, which supplies steam to three HP heaters, one deaerator, and three LP heaters. The top HP heater heating steam is supplied from the HP turbine extraction, and second HP heater heating steam is supplied from the HP turbine exhaust, and the third HP heater heating steam is supplied from the IP turbine extraction. The main design data of the steam turbine is summarized in Table 1 . For the top HP heater out-of-service operation condition, two calculation methods are adopted, and the calculation results are described below.
1) Calculation Result by the Model-based Calculation Method
The calculation result by the Model-based Calculation Method is summarized in Table 2 .
2) Calculation Result by the Simplified Variable Operation Condition Analysis Method
The calculation result by the Simplified Variable Operation Condition Analysis Method is summarized in Table 3 .
3
) Comparison and Analysis of the Calculation Results
It is shown that calculation results from the proposed two methods are very close. Because in both methods, the redistribution effect on steam flows of the turbine extractions and turbine internals due to the top heater out-of-service is considered, and there is no significant difference between the two methods in essence.
For evaluating and crosscheck of the calculated results, the calculated result using the commonly used Equivalent Enthalpy Drop Method is also shown in Table 4 .
It can be shown clearly that both results by the proposed methods are lower than result calculated using the commonly used equivalent enthalpy drop method.
In summary, the calculated results calculated by the proposed methods have higher credibility than the result calculated by the commonly used method. The commonly used Equivalent Enthalpy Drop Method is not recommended for analyzing the significant operation condition change situations, because the dramatic change of the operation conditions under these situations can't meet the assumptions and preconditions of this method, which is the basis for deducing the concept and equations of this method.
Conclusions
To analyze the unit performance degradation for top heater out-of-service operation condition, two calculation methods are introduced, that is the model based calculation method and the simplified variable operation condition analysis method. A 600 MW sub-critical steam turbine unit with air cooled condenser is analyzed using the two introduced methods. It is shown that calculation data got can reflect the redistribution effect on steam flows of the turbine extractions and turbine internals due to the top heater out-of-service, and similar and close calculation results are calculated from the two methods, and both results are lower than result calculated using the commonly used equivalent enthalpy drop method.
